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ABSTRACT 

The current research was designed to test a proposed model of the 
noun phrase decoding task. Subjects were required to identify which of 
four possible triangles, varying in size and color, were defined by a 
sequence of slides containing size and color information. On the basis 
of the model it was predicted that reaction times (RT's) to identify 
would be shortest when size came first, as in preferred adjective order 
in English noun phrases. The model also predicted redundant series 
(series in which the first slide's information was repeated on the 
second slide) would produce shorter RT's than nonredundant series. A 
simpler model predicted that RT's would be shortest when the interval 
between slides (ISI) was a minimum. 

It was found that RT's were significantly shorter to redundant 
series but that RT's were only shorter to preferred order in redundant 
series. Varying ISI produced no significant differences in RT but its 
interaction with attribute order was significant such that RT's to pre- 
ferred order were significantly shorter only when the ISI exceeded 100- 
msec. These results were interpreted as supporting the proposed model 
and not supporting the simpler model. 

Two control experiments were conducted. The first compared RT's 
in identifying single attribute figures and sequentially presented bi- 
attribute figures. The latter corresponded to nonredundant series in- 
cluding both preferred and nonpreférred order. RT's to single attribute 
figures were significantly shorter and a comparison of means indicated 


that size attributes took less time to identify than color attributes. 
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11s 
This contradicts earlier findings. The second control experiment com- 
pared RT's in identifying bi-attribute figures presented sequentially 
and simultaneously. Sequential series included both order conditions 
and both redundancy conditions. Nonredundant series required signifi- 
cantly more time to process than redundant series and simultaneously 
presented figures. These results were generally interpreted as support- 
ing the model. The failure to obtain differences in RT to attribute 
order was explained in terms of the order by ISI interaction from the 
first experiment: The control experiments employed an ISI too brief 


(50-msec.) to produce such differences. 
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Introduction 


There are several possible orders for multiple adjectives ina 
given noun phrase yet only one will be considered correct by native 
speakers of English and it will occur most frequently in spontaneous 
speech. For example, the large red chair is an acceptable description 
of a chair that is both red and large while the red large chair is not. 
The rules governing this phenomenon are not obvious, but they must be 
found either in the syntax and the semantic component of the noun 
phrase or in the psychological processes which generate and comprehend 
language. This thesis is concerned generally with the interaction of 
the cognitive component with syntactic and semantic aspects of adjectives 
differing in ordinal position. The relation of syntax to the differential 
processing time of ordinally different adjectives is investigated and 
a model of the decoding process, similar to the more general analysis 


by synthesis, is proposed and tested by manipulating redundancy. 


Linguistic Theories 


Syntactic Hypotheses. Syntax has generally been found inadequate in 
explaining the phenomenon. Annear (1964) proposed three order classes such 
that any two adjectives could be ordered by comparing their class 
membership. Adjectives belonging to classes preferred closer to the 
noun would appear closer to the noun in the phrase. However, as Martin 
(1969b) properly concluded, Annear's explanation is inadequate since 


the only evidence for the existence of order classes was the adjective 
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order phenomenon which they were to explain. 

Another syntactic explanation was offered by Vendler (1963) who 
defined order classes by the type of transformation necessary to generate 
a noun phrase containing an adjective. Different transformation were 
proposed for adjectives preferred in different positions relative to 
the noun. For example, the red chair was derived from the chair is 
red by N is A---39 AN while transforming the chair is large for a 
chair to the large chair required N is A for N---) AN. In the large 
red chair, the transformation introducing red was to have been applied 
prior to the transformation introducing large, thus accounting for the 
observed order. Martin (1969b) considered this explanation post hoc 
Since no evidence for the ordering of transformations was offered 
other than the ordering of adjectives and Katz (1964) attacked the 
suggested differences in transformations by pointing out that only 
one kind of transformation was necessary to generate all adjective- 
noun phrases (N is A---3 AN). 

Semantic Hypotheses. Several investigators have studied the relations 
between semantic dimensions and adjective order. Ziff (1960) noted that 
adjectives differ in the extent to which their denotations depend upon 
the noun they modify and called this dimension "definiteness of denota- 
tion". He found that adjectives which referred to the same property 
regardless of the noun's meaning and were thus definite in denotation 
were preferred closer to the noun than adjectives indefinite in denotation. 
This had been considered by Sweet (1898) who also noted that adjectives 


closer to the noun in meaning (i.e. those which denoted inherant or 
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5. 
essential properties of the noun) were preferred closer to the noun in 
noun phrases. 

Martin (1969b) used the paired-comparison technique to obtain ratings 
on these two dimensions as well as imagery and absoluteness (absoluteness 
was defined by the number of comparisons between objects that would be 
necessary to decide upon a particular adjective such that absolute 
adjectives required the fewest comparisons). The obtained ratings were 
correlated with order judgements. All correlations were positive but 
analysis of partial correlations indicated that imagery and closeness to 
the noun in meaning correlated with order only because of their correl- 
ation with definiteness. Definiteness and absoluteness were taken to be 
indicators of context dependence in the adjective selection phase of noun 
phrase encoding. Definite, absolute or context independent adjectives were 
considered to be more accessible to selection and hence appeared closer 
to the noun. 

Danks and Glucksberg (1971) suggested that Martin's absoluteness and 
definiteness dimensions could be combined under an intrinsicalness dimen- 
sion which would better predict adjective order. Intrinsicalness could 
predict the order of the eleven adjective classes described by Brown 
(1965, p.282) whereas definiteness could predict only two. High intrinsic 
adjectives referred to properties central to the nature of the object such 
as place of origin in the Swiss watch. Superficial properties, such as 
color in the gold Swiss watch, were lower in intrinsicalness. Low intrinsic 
adjectives referred to properties that were relative to some reference 


object or condition such as size in the large gold Swiss watch. 
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4. 
Adjectives that referred to properties most intrinsic to the noun were seen 
to be the poorest discriminators between noun objects and were preferred 
closest to the noun. Low intrinsic properties which depended on the noun 
in relation to other nouns (e.g. size) allowed better discriminations and 
were preferred farthest from the noun. This semantic rule operated in 
conjunction with a pragmatic communication rule which placed emphasized 
information nearest to the beginning of a sentence or phrase. Thus 
adjectives allowing the best discrimination between nouns appeared first 
in the noun phrase and, since adjectives precede the noun, farthest from 


the noun. 


Psychological Theories 


Encoding Theory. Martin (1969a, 1969b, 1970) proposed a theory of 
noun phrase encoding! which, in interaction with definiteness and absol- 
uteness, accounted for adjective order. For a noun phrase to be gener- 
ated, the noun's meaning would be scanned by a cyclical scanning process 
which would output the noun and the relevant adjectives. Adjective order 
in the resulting noun phrase was the inverse of the order of selection 
of adjectives; adjectives selected first appeared closest to the noun. 
Selection priority was determined by the definiteness of the adjective 
which indicated dependence of the adjectives on the noun's meaning such 
that adjectives depending the least would be selected first. Thus 
definite adjectives were selected first and consequently appeared 
closest to the noun in the noun phrase. The cyclical nature of the 


scanning process allowed Martin (1970) to account for the juncture 
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phenomenon in nonpreferred order. When adjectives are produced in 
nonpreferred order, a pause of juncture between the adjectives is 
obligatory (e.g. the red, large chair). Adjectives before the juncture 
were considered to modify the entire adjective-noun compound following 

the juncture while adjectives after the juncture modified only the noun. 
For Martin, the juncture represented a separation of two cycles of the 
scanning process. Adjectives independently modifying a noun would be 
selected and produced in a noun phrase in correct order by the first cycle 
of the scanning process while adjectives modifying the first cycle's noun 
phrase would be produced, again in correct order, by the second cycle. 

The priority of selection rule was inferred from the results of two 
experiments. In the first (Lockhart and Martin, 1969) adjectives preferred 
closer to the noun were found to produce better recall of adjective- 
adjective-noun triplets when used as cues for recall than did adjectives 
preferred farther from the noun. This was interpreted as stronger assoc- 
jation strength and consequently greater accessibility for adjectives 
preferred closer to the noun. However, these findings could be accounted 
for solely by intrinsicalness. Adjectives preferred close to the noun 
are redundant with the noun's meaning and would be expected to elicit 
the noun better than a less related cue. 

In the second experiment (Martin, 1969a) subjects were presented 
with figures varying in two attributes and were required to produce 
vocally the value of an attribute when cued with its generic name. 
Adjectives preferred farthest from the noun took longer to be produced 


than adjectives preferred close to the noun. This was taken to be 
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6. 
strong support for the differential accessibility of ordinally different 
adjectives in the encoding process, but the effects of encoding were 
confounded with visual decoding of the arrays. Martin's theory required 
his subjects to scan the meaning of the noun to select the relevant 
adjectives; his experiment required subjects to scan a visual array. 

The differential reaction times may have been a direct result of the 
number of comparisons between figures necessary to decide upon the 
appropriate adjective. To decide size, su-jects would have had to 
compare the target figure with other figures until one different in size 
was found. The direction of the difference would have indicated which 
of the two size adjectives to select. On the other hand, color may 
have been decided by inspection of the target figure alone. 

To support his encoding interpretation, Martin (1969a) conducted 
a decoding experiment and found no significant differences in the time 
required to decode ordinally different adjectives. He concluded that 
the differences obtained in the encoding studies represented real 
differences in the encoding process. However, the appropriateness of 
the study as a test of decoding is questionable. Subjects were directed 
to a particular figure on an array and presented with the verbal label of 
an attribute value. They indicated the correspondence between the 
figure and the cue by saying "true" or "false". No differences in 
reaction time to ordinally different adjective cues were obtained. A 
statistical error may have obscured any real differences. "True" and 
"false" responses which have generally been found to produce significantly 


different reaction times (e.g. Collins and Quillian, 1969) were not 
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differentiated in Martin's analysis of variance. This would have greatly 


increased the error term while adding only one degree of freedom and 
consequently may have obscured existing differences. 

Also, the subjects may not have processed the stimulus information 
in the same manner as subjects in the encoding studies. In the encoding 
experiments, subjects could benefit only by waiting for the attribute cue 
before searching the array for its value while in the decoding study 
verbally encoding the figure prior to adjective cue presentation would 
make the task easier since the attribute cue, also verbally encoded, could 
be submitted directly to an identity comparison with the encoded visual 
figure. If the correct response to the cue was "true", the encoded cue 
should be identical with one of the elements of the encoded figure; if 
no identity was found a "false" response would be appropriate. Thus in 
the decoding study the dimension itself was not important to the task 
although Martin had argued that the dimensions are processed differently. 

Consequently, it may be assumed that the obtained differences in 
reaction time in the cued production task were the result of visual 
decoding rather than verbal encoding. Postulating differential access- 
ibility of adjectives on the basis of this evidence requires assuming 
that information stored in memory is represented in the same form in 
which it is input visually. Adjective accessibility in verbal encoding 
from memory would match accessibility in a visual array only if this were 
true. The unlikelihood of this assumption has been eloquently argued by 
Neisser (1967) in his discussion of the transformation of information 


passing from sensory to semantic states. 
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Decoding Theory. An alternative theory was proposed by Danks et. al. 
(Danks, 1971; Danks and Glucksberg, 1971; Danks and Schwenk, 1972). In 
their view of noun phrase generation adjectives were ordered for output 
on the basis of a pragmatic communication rule which required that 
emphasized or important information occurred first in the resulting noun 
phrase. Adjectives less intrinsic to the noun were more discriminative, 
hence more important, and were consequently placed first in the noun 
phrase, farthest from the noun. Evidence for the rule was obtained in a 
study (Danks and Schwenk, 1972) in which subjects more frequently chose 
inverted adjective order as the best description of a multiple attribute 
object presented with other similar objects if the attribute represented 
by the adjective occurring first in inverted order (normally preferred 
closest to the noun) allowed that object to be discriminated. Under 
other conditions, inverted order was chosen far less frequently. Another 
study (Danks, 1971) showed that the rule was important to decoding. When 
given spoken noun phrases as cues and required to identify the phrases' 
referent objects from groups of four, subjects' reaction times to 
identify were always shorter when the first adjective in the noun phrase 
allowed discrimination of the target object. Shorter reaction times 
to preferred order occurred consistently only when both attributes were 
necessary to identify the target object. 

While demonstrating the communication rule, Danks and his colleagues 
did not attempt to define the psychological processes responsible for the 
rule. Their experiments suggest the decoding process. Inverted order 


may be used to describe an object if it "sounds best". Stress and 
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9, 
juncture, both articulatory variables altering the input sound pattern, 
were shown to effect ratings of grammaticality of inverted order noun 
phrases (Danks and Glucksberg, 1971) and the frequency of choice of 
inverted order as the best description of an object (Danks and Schwenk, 
1972). These data, especially the latter study, may be taken as indi- 
cating that noun phrases are encoded and articulated so as to be most 
acceptable to the decoder. The importance of this consideration is 
suggested by Stolz' (1967) finding that left branching structures are 
especially difficult to decode. Since the structure of English multiple 
adjective noun phrases is left branching, they must be difficult to 
decode and it is possible that the nature of the decoding process is such 
that Sentai heinput orders are easier to process than others. If so, the 
optimal order should be definable in terms of semantic criteria (i.e. the 
communication rule). The major concern of this thesis is the proposition 
and testing of a model of such a decoding process. 

The model must in some way deal with the difficulty of decoding a 
left-branching structure and with Martin's (1969a, 1969b) claims that 
for indefinite adjectives which occur first in the phrase the noun's 
meaning must be known for the complete meaning of the adjective to be 
specified. A possible model would be a push-down store system in which 
the input adjectives would be held in storage until the noun was decoded. 
Then the adjectives would be retrieved in the inverse of the order of 
input; last in, first out. This alleviates the problem of a left- 
branching structure by reflecting it to a right-branching structure. 


Since adjectives are decoded after the noun, Martin's problem of nomial 
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10. 
dependency is solved. In addition, this model accounts for the equival- 
ence, if order is defined in terms of closeness to the noun, of preferred 
adjective order in left-branching English and right-branching Indonesian 
noted by Martin (1969a). An object described as the large red chair in 
English would be described as the chair red large in Indonesian. This 
model would posit that at the time of decoding, all adjective-noun 
phrases were right-branching, regardless of language. Thus whatever 
cognitive advantages maintained order preferences in one language would 
also maintain them in the other. 

The unlikelihood of this model is suggested by the intuitive know- 
ledge that adjectives can be processed, at least to some extent, without 
the noun. For example, the relational meaning of large in the large red 
chair can be discerned without knowing the range of size values large 
occupies for that noun. We know that the noun is bigger than some 
standard even if we do not know which standard. This prior processing 
can be demonstrated by a simple experiment. Ask subjects to choose one 
object out of four on the basis of an adjective cue. If the adjective 
cue is presented before the four-object array is shown to the subjects 
and they are still able to find the object designated by the cue, they 
must be able to process the relational meaning of the adjective without 
knowing the domain of the relation. 

A Decoding Model. It is possible that preprocessed adjective inform- 
ation could be used to select the important aspects of the noun's meaning 
prior to decoding the noun, thereby simplifying the decoding task. The 


model tested in this thesis was based on that assumption. 
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The task of decoding a noun phrase may be viewed as a series of 
decisions constructing some representation of the particular configur- 
ation of meaning encoded in the phrase from the sequence of input inform- 
ation. As each adjective is input, decisions about its meaning and about 
the meaning of its phrase are made. This can be construed as requiring 
two kinds of decisions; decisions about the specific meaning of each unit 
and decisions about the meaning of the unit in the phrase (i.e. the 
meaning of the adjective dependent on the noun). The specific meaning of 
the adjective would be decided by terminal decisions since this inform- 
ation could be specified in the immediate decoding of the adjective, while 
the dependent component which requires the noun's meaning to be specified 
would be processed by a non-terminal decision. A nonterminal decision 
would be a decision not to terminate processing that meaning until further 
information is obtained, and could take the form of a query into the 
semantic space of the incoming noun for the dependent meaning of the 
adjective. An example will illustrate. In decoding the large chair, the 
relational meaning of large - i.e. "bigger than" - can be decided without 
processing chair. This is a terminal decision. The absolute size or the 
range in size referred to be large for chair can be decided only after 
chair has been decoded. The decision about this aspect of large's 
meaning made at the time of decoding large is a nonterminal decision. Its 
effect would be to produce a query into chair's semantic space for the 
meaning necessary to completely specify the adjective. The query for 
large would be "what standard size is this object bigger than". In effect, 


the querying amounts to defining a search strategy into the noun's meaning 
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TZ 
Since it defines priorities for retrieving certain aspects of the noun's 
meaning. Thus nonterminal decisions would facilitate noun phrase pro- 
cessing since they pre-select aspects of the noun's meaning important 
to the meaning of the phrase and consequently the task of decoding the 
noun is made less complex. 

The advantage of preferred order lies in having adjectives requiring 
nonterminal decisions come first so that optimal search strategies may be 
set up as early as possible. This would be useful in reducing interfer- 
ence at the time of noun decoding. If adjectives requiring nonterminal 
decisions occurred next to the noun, their decoding and the establishment 
of search strategies would continue after the noun had been input, 
increasing the amount of information that must be handled, producing 
interference. Placing an adjective easier to decode - i.e. one requiring 
only terminal decisions - between such adjectives and the noun would 
reduce the amount of interference present when processing the noun. This 
would become increasingly important as the number of adjectives in the 
phrase increased since the amount of specific information would be 
greater, increasing the need to reduce the complexity. 

Whether or not an adjective requires a nonterminal decision in its 
decoding can be decided on the basis of the rated definiteness and intrin- 
sicalness of the adjective. If subjects are asked to rate adjectives 
on the extent to which their meaning in a phrase depends on the modified 
noun (i.e. definiteness) then adjectives, rated as having a high degree 
of dependency can be considered to require nonterminal decisions. 


Similarly, requiring subjects to rate adjectives on the extent to which 
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ES: 
they represent information that is not implicitly contained in the noun 
or redundant with the noun (i.e. intrinsicalness) would also differentiate 
adjectives requiring nonterminal decisions. Nonredundant adjectives 
would require nonterminal decisions. This formulation relates the current 
model to the work of Danks and Martin, specifically their demonstrations 
of the correlation between the above dimensions and adjective order, but 
does not imply commitment to their conceptual definitions. Definiteness 
and intrinsicalness as they relate to the current model are, in effect, 
operationally defined independent of the confused conceptual definitions 
given by Danks and Martin. The current model goes beyond their work in 
relating the dimensions to the way in which adjectival information may 
be processed; their work was primarily correlational. 

However, the current model is not an unlikely interpretation of the 
role of definiteness and intrinsicalness in their theories. Both Martin 
(1969b) and Danks and Glucksberg (1971) noted that adjectives which 
were rated as requiring the most decisions or comparisons between objects 
to be chosen were preferred farthest from the noun. This occurred 
because they carried more important or discriminative information about 
the meaning of the noun phrase. Martin (1969a, 1969b) has noted that 
this information depends more strongly on the noun's meaning since 
adjectives preferred farthest from the noun were indefinite in comparison 
with adjectives preferred closer to the noun. Because nonterminal 
decisions resolve the dependency of the adjective's meaning on the noun, 
adjectives preferred farthest from the noun must require nonterminal 


decisions in their decoding. Adjectives preferred closer to the noun 
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14. 
tend to refer to properties more intrinsic to the noun itself and so 
their meaning is redundant in the noun phrase (Danks and Glucksberg, 1971; 
Danks and Schwenk, 1972). The information handled by nonterminal 
decisions refers to the meaning of the noun phrase itself. It consists 
of the interaction between the noun's meaning and the adjective's meaning. 
Intrinsic adjectives are highly redundant with the noun's meaning and 
would not contribute much to the interactive or dependent meaning in the 
phrase. Such adjectives would not require nonterminal decisions and are 
placed closest to the noun when used with less intrinsic adjectives. 

Thus preferred order facilitates decoding because information pre- 
sented in this order allows the decoder to set up search strategies into 
the noun's meaning in preparation for decoding the noun, easing the task 
of selecting information from the noun's meaning appropriate to the noun 
phrase. 

It is possible that this model could be an instance of a more general 
model of language decoding. Contextual dependencies are characteristic 
of language and a decoding theory must account for their processing. In 
the current model the dependency is represented by a nonterminal decision, 
formed at the initiation of the dependency, which sets a priority for 
obtaining information that will allow resolution of its dependency. Thus 
decoding a string "in context" means querying each input unit for inform- 
ation that would resolve the dependency. An instance of the importance 
of contextual dependency in facilitating decoding is Stolz' (1967) 
investigation of the difficulty of decoding embedded left-branching 


structures. When the noun-verb-noun pairs of an embedded clause 
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semantically depended on each other decoding was ea r than when all 


noun-verb-noun combinations were semantically possible. For example, 


see 


that the busboy appreciated teased admired good musicians is not. 

In the first sentence it is obvious that the boy threw the stone and 

did not initiate it, whereas in the second sentence it is not easy to 
decide whether the waiter teased, admired, or appreciated either the 
chef or the busboy. Thus when resolution of contextual dependencies is 
possible in a language phenomenon other than adjective order decoding is 
also facilitated. 

This model is very similar to analysis by synthesis, a general model 
of recoding or pattern recognition that has been applicable in a great 
variety of situations. It has been proposed as a model of visual and 
auditory attention (Neisser, 1967), speech perception and production 
(Halle and Stevens, 1964; Stevens and Halle, 1964; Liberman, Cooper, 
Shankweiler and Studdert-Kennedy, 1967) and the higher cognitive functions 
of semantic processing and thinking (Neisser, 1967). 

Basically, in analysis by synthesis, the input data is compared with 
a restricted set of probable matches generated at a higher level of 
organization and the input is characterized at the higher level by the 
best fitting match. The restriction of the comparison set from the set 
of all possible matches is accomplished by the constraining effects of 
contextual expectancies and preprocessing the input data. Thus in 


synthesizing the meaning of a noun phrase, acceptable meanings would be 
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16. 
restricted by the contextual effects of queries into the noun's semantic 
Space and the meaning of the noun input itself. In this way the set of 
all possible meanings is reduced to a small set of highly probably 
meanings. Hence the current model of the decoding process may be con- 
sidered an instance of analysis by synthesis, further suggesting its 
generality. 

Testing the Model. In the experimental test of the model, it was 
considered that the decoding task amounted to constructing a represent- 
ation of the particular interactive combination of separate pieces of 
information presented sequentially and that the current model accomplished 
this by using early information to partially construct aspects of the 
interaction so that decoding the last item and deciding upon the inter- 
active meaning was simplified. Obviously the test must involve manipul- 
ating the relation between early events and the interactive meaning to 
assess its effects on decoding difficulty. Repeating early information 
while presenting later information should be facilitative since the 
redundant information would not interfere with the partial construction. 
Not repeating such information or presenting inconsistent information 
should impair decoding by interfering with the partial construction. 

If the pieces of information were representable by adjectives preferred 
close to and far away from the noun, then varying the presentation order 
should define the relation between such consistency and adjective order - 
i.e. consistency should make less of a difference with attributes preferred 
closer to the noun since they tend not to generate nonterminal decisions. 


The present experiment used pictorial stimuli to represent the 
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Te 
information and presented them sequentially. Subjects were required to 
combine the information in two sequential stimulus slides in order to 
select the appropriate response. Pictorial stimuli were used because 
they allowed manipulation of the experimental variables and because the 
model and the adjective order phenomenon in general referred to semantic 
processing of sequential information and should be independent of the 
perceptual mode that does the initial processing. In the experiment 
consistency was manipulated by repeating the first slide's information 
On the second slide. This produced two kinds of series - redundant 
series in which the first slide's was repeated, allowing an aspect of the 
series' meaning independent of the second attribute to be processed 
consistently with the representation constructed from early (first 
slide) information, and nonredundant series in which the first slide's 
information was not repeated so its processing in the second slide 
would not be consistent with the processing from the first slide. This 
could not have been done with words, whether presented visually or 
auditorily. Adjective order was manipulated by having the first slide 
represent size and the second represent color in the preferred condition 
and vice versa in the nonpreferred order. 

The experimental design allowed the testing of another simpler model, 
suggested by Martin's (1969a) differential processing time data. Earlier 
it was shown that those data could be reasonably interpreted as differences 
in the decoding times of ordinally different adjectives. Since the task 
is viewed as the combination of pieces of information presented separately 


in time, it is possible that order effects the interval between the 
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availability of decoded adjective and noun meanings to the process 
combining them into the phrase's meaning and that varying this interval 
could effect ease of decoding. In preferred order the adjective which 
takes the least time to decode is placed next to the noun in a noun phrase, 
minimizing the interval between the first adjective and the noun. In 
nonpreferred order, the adjective which takes the most time to decode is 
placed next to the noun, maximizing the interval. It is possible that 
minimizing the interval facilitates combining the information in the 
adjectives and noun. This hypothesis has some general validity in view 
of the experimental literature. The importance of minimal interstimulus 
intervals has been made apparent in the areas of punishment (e.g. Kamin, 
1959) and classical conditioning (see Kling and Riggs, 1971, p.557-559). 
This hypothesis was easily tested in the present experiment by varying 


the interval between information slides. 
Statement of Problem 


The proposed analysis by synthesis and minimum interval models con- 
tained implicit predictions about the ease of processing sequential ly 
input information. These predictions constituted the following experi- 
mental questions which were tested in the current research: 

(1) When separate pieces of information must be combined, does 

preferred order facilitate this process? Both models predict 

facilitation; the minimum-interval model unconditionally predicts 
facilitation while the other would submit that conditions may exist 


under which preferred order would not facilitate processing (i.e. the 
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19. 
experimental conditions of Danks et. al.). 
(2) When separate pieces of information must be combined, will a 
consistent relation between early information and the subsequent 
combination facilitate the processing of the combination? The 
analysis by synthesis model predicts facilitation, though facilitation 
may depend on the type of information which comes first (i.e. facil- 
itation may depend on the preferred ordinal position of the early 
information). 
(3) When separate pieces of information must be combined, does the 
interval between the availability of the pieces affect the combination 
process? The minimum-interval model predicts that decreasing this 


interval facilitates processing. 
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General Method 


Design and Stimuli. The current research involved three separate 
experiments. The task in each experiment required Ss to identify a total 
figure (bi-attribute triangle) from information presented pictorially 
in a series of three slides. Each trial consisted of three slides referring 
to a particular bi-attributed figure. Subjects were to use the information 
in the second and third slides to decide which figure from a set of four 
possible figures had been defined by the series. The first slide in each 
series only signalled the initiation of a trial and contained the standard 
values of both attributes, providing no information about the series' 
referent figure. Subjects responded by pressing the button corresponding 
to the figure defined by the series and the latency of each response was 
recorded as the dependent measure of decoding difficulty. A representation 
of the events occurring on a typical trial is displayed in Figure 1. 

Correspondence between the buttons and the triangles was varied 
between groups in all experiments since pilot work reported in Appendix A 
indicated that this accounted for a significant portion of the variance. 
The buttons were presented in a square array and under one condition the 
rows corresponded to values of the size dimension and the columns 
corresponded to values of the color dimension while in the other condition, 
rows corresponded to colors and columns corresponded to sizes. Three 
sizes were used: large, small and standard. Standard size was not rele- 
vant to the size dimension but was used in the first slide in each series 
and whenever color information was presented without size information. 


Three colors were used: red, green and white. Again, white was not 
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22% 
relevant to the color dimension but was used in the first slide and when- 
ever size information was presented without color information. The 
stimuli were 16mm. negatives of black equilateral triangles, varying in 
size, photographed on a white background. Consequently they appeared on 
the display unit screen as white triangles on a black background. The 
altitudes of the triangles as displayed on the screen were 3-in., 
1-in., and 3/4-in. for large, standard and small sizes, respectively. 
Red and green Venus Vis a Vis flow pens developed for use with trans- 
parencies were used to color the slides. White slides were left 
uncolored. Using all combinations of size and color produced nine 
negatives which were mounted on a plastic slide inserted in the display 
unit. 

The presentation order for size and color in the second and third 
Slides took two values: size-color or preferred order and color-size, 
nonpreferred order. Two kinds of series were used: redundant series 
representing the consistent condition and nonredundant series representing 
the inconsistent condition. In a nonredundnat series the second and 
third slides each contained information about only one attribute while in 
a redundant series the third slide contained information about both 
attributes, repeating the information in the second slide as well as 
specifying the value of the remaining attribute. 

Apparatus. The slides were displayed on the 3-X5-in. screen of an 
IEE Model 80-0000-1495 visual display unit. The sequence of slides ina 
series was specified by the six event program of a tape which, when 


passed through a tape reader, determined the visual display. In order 
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to control the intervals between the slides as well as the on-durations 
of the slides, null events were included on the tape which produced a 
blank screen for the second, fourth and sixth intervals. The triangles 
initiating the trial and defining the series' referrent figure occurred 
in the first, third and fifth intervals. The durations were controlled 
by a series of six Model 100-C Hunter Timers such that the onset of 

each timer advanced the tape one event and the offset of each timer 

but the last initiated the next timer in the series. Exposure durations 
for all events containing information were 200-msec., while the durations 
for the first and last null events were 150- and 1000-msec., respectively. 
The second null event, occurring between the presentation of the second 
and third information events varied between 50- and 300-msec., depending 
on the experiment and the conditions within experiments. These durations 
were selected on the basis of pilot work reported in Appendix A. Onset 
of the fifth timer, initiating the last information event, also started 

a Hunter Model 120A KlocKounter which was stopped by S's button pressing 
response. Subjects were seated approximately three feet from the display 
screen behind a partition separating them from the remainder of the 
apparatus. Four single-pole double-throw buttons mounted in a 1 3/4-in. 
Square array were given to Ss to hold on their laps. Pressing the 
buttons stopped the KlocKounter and turned on one of four 24-vdc. lamps, 
each of which corresponded to a particular button. The lamps were 
mounted beside the KlocKounter, allowing E immediate knowledge of the 
correctness of each response as well as its latency. 


Procedure. Upon arrival at the laboratory, Ss were met by E, 
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accompanied to the experimental room and seated in front of the display 
unit. They were then asked to hold the box containing the button array 
on their laps and were told the correspondence between the buttons and 
the triangles. The button order condition each S ran under was 
determined randomly, prior to his entering the laboratory. Subjects 
were then told that their task was to identify triangles as quickly as 
possible by pressing the appropriate button when they appeared on the 
display unit screen. Subjects were given 60 pretraining trials in which 
they identified triangles from slides containing both attributes simul- 
taneously. The four different types of triangles occurred with equal 
frequency and in semi-randon& order. Each trial entailed six tape events 
but the first four and the sixth were null so that S viewed only one 
Slide per trial. 

Upon completing pretraining, Ss were told that in the next part of 
the experiment they were to identify triangles in the same manner but 
now size and color information would be presented on separate slides. 
The specific nature of these instructions depended on the experiment as 
did the task. In all experiments, Ss were told the correct response and 


the content of the slides in any trial in which they made an error. 
Experiment I 


Method 


This experiment was the main experiment of the thesis, testing both 
the analysis by synthesis and the minimal-interval models. This 


involved including redundant and nonredundant series to test the 
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consistency hypothesis and including series in preferred and nonpreferred 
order, as defined earlier, to test the effects of order. To determine 
interval effects, the duration of the second null event, occurring 
between the information slides, was varied. The intervals used were 

90-, 100-, 200- and 300-msec. These three variables were varied 
independently within groups while button-to-figure correspondence was 
varied between groups. 

Instructions and pretraining were as described earlier in the 
general enon For the main part of the experiment, Ss were told that 
they now had to identify the same triangles from information presented 
sequentially. They were told that the first slide on each trial would 
be a signal that the trial was beginning and that the second and 
third slides contained the information necessary to decide the figure. 
Subjects were also told that the experiment used two types of series 
but that the task was the same for both series. Both series types were 
defined verbally by example. Two orders, two series types and four 
intervals produced 16 types of trials which occurred in semi-random order 
in blocks of 16 trials such that each type of trial occurred only once 
in each block. The experiment consisted of five blocks or 80 trials 
in which latencies were recorded. 

Subjects were 20 introductory psychology students who participated 
in the experiment to fulfill course requirements, receiving only E's 
gratitude for their services. Only native speakers of English were used 


in the experiment. 
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Results 


The data were obtained by computing the median reaction time (RT) 
in each treatment condition for each S over the last three blocks. 

Data from the first two blocks were not included since it was con- 
cluded from the frequency with which errors occurred that Ss were 
adapting to the task. The mean RTS across Ss for each main effect and 
Significant interaction are displayed in Table 1. For the analysis 

of variance, the obtained data were reciprocally transformed to correct 
for heterogeneity of variance often found with latency data (Kirk, 1968) 
and analysed in a split-plot design (SP 2.224; Kirk, 1968), the results 
Of which appear in Appendix B. 

The between groups button order effect was not significant but it 
interacted significantly with attribute order (F(1,18) = 4.54, p<.05). 
This interaction appears in Figure 2. When the rows of the button array 
corresponded to colors, RT's to nonpreferred order were significantly 
shorter (F(1,18) = 6.78, p<.05) whereas preferred order RTs' were 
significantly shorter when the rows corresponded to sizes (F(1,18) = 
11.42, p<.01). If the button array was cognitively organized on the 
basis of rows, these results suggest the operation of some response 
organization strategy in which responding was facilitated if the first 
slide in a series corresponded to a value of the attribute on which the 
rows were organized. Thus when rows corresponded to size, RT's were 
shortest when the first information in the series was size information. 


All remaining interactions with button order were insignificant. 
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TABLE 1 


MEAN RT'S FOR MAIN EFFECTS AND SIGNIFICANT 
INTERACTIONS IN EXPERIMENT I (IN MSEC.) 


ATTRIBUTE ORDER 


Preferred Nonpreferred 
Rows Sizes 1092 1181 1137 
Button Order Fee ee ee 
-Rows Colors 919 898 909 
1006 1040 


ATTRIBUTE ORDER 


Preferred Nonpreferred 
50 msec. 1032 1066 1049 
Interstimulus 100 msec. 1049 1000 1024 
Interval SS ee 
200 msec. 976 1052 1014 
300 msec. 967 1041 1004 
1006 1040 
ATTRIBUTE ORDER 
Preferred Nonpreferred 
Redundant 943 1060 1001 
Redundancy SS 
Nonredundant 1069 1019 1044 
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The main effect for attribute order was insignificant as was the 
interval main effect but they interacted significantly (F(3,54) = 
5.40, p<.01). This interaction is displayed in Figure 3. Analysis of 
simple main effects (an F test for differences between levels of one 
factor at each level of another) indicated that varying intervals 
effected RT's significantly only when the information was presented 
in preferred order (F(3,54) = 12.76, p<.01). Inspection of Figure 3 
shows that this difference indicates a drop in RT to preferred order 
as the interval increased from 100- to 200-msec. This suggests that 
facilitation occurred with preferred order only when the interval 
between information input exceeds some critical limit. This interpret- 
ation was supported by the finding that RT's were significantly 
shorter to preferred order than to nonpreferred order at the 200- and 
300-msec. intervals (F(1,54) = 4.47, p<.05 and F(1,54) = 3.67, p<.10, 
respectively). 

The redundancy main effect was significant such that RT's to 
redundant series were shorter (F(1,18) = 9.05, p<.01), confirming the 
consistency hypothesis. Redundancy also interacted significantly with 
attribute order, and this interaction is displayed in Figure 4. 

Simple main effect analysis indicated that RT's to preferred order 
were significantly shorter than to nonpreferred order in a redundant 
series (F(1,18) = 14.14, p<.01) but were significantly longer if the 
series was nonredundant (F(1,18) = 7.26, p<.05). Redundancy produced 
significant differences only when the information was presented in 


preferred order (F(1,18) = 70.23, p<.01). Since the redundancy factor 
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represented consistency, this result was taken to indicate that size, which 
came first in preferred order, allowed the construction of a represent- 
ation of the referent figure which facilitated processing when conditions 
permitted - i.e. in redundant series - and that color did not allow this 
Since no facilitation was observed in redundant series. The interaction 
of redundancy with the interval factor was insignificant as were al] 
higher order interactions. 

The results of this experiment generally tended to confirm the 
hypotheses of the analysis by synthesis model but suggested that the 
interval hypothesis was too simplistic to account for interval effects 
obtained. However, in keeping the design of this experiment relatively 
simple, several important controls were omitted. Two further experiments 


were conducted to obtain proper control data. 
Experiment II 
Method 


It was possible that RT's obtained in Experiment I represented only 
the time required to process the last attribute in the series. If this 
were so, it was also possible that RT's to preferred order would be 
spuriously shorter than RT's to nonpreferred order, because color, 
the last attribute presented in preferred order, took significantly 
less time to decode than size which occurred last in nonpreferred order 
(Martin, 1969a). The second experiment measured button pressing latencies 
in the identification of single attributes as a control for this 
possibility. Its purpose was to replicate Martin's (1969a) finding 


with the present apparatus and to compare the direction of any obtained 
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33) 
size-color differences with bi-attribute series ending in either size 
or color. The bi-attribute RT's were expected to be longer if anything 
other than the last attribute needed to be processed and a size-color 
main effect defined on the basis of the last information presented prior 
to the response in both single-attribute and bi-attribute conditions was 
to indicate the relation between single and multiple attribute processing. 
The bi-attribute condition was also a replication of the nonredundant 
condition of Experiment I, including both preferred and nonpreferred 
orders. 

Single-attribute and bi-attribute conditions were run separately 
but used the same Ss, allowing statistical control of individual differ- 
ences in RT. In the bi-attribute conditions, pretraining and instructions 
were the same as in Experiment I. Nonredundant series including both 
orders were presented for 12 trials following pretraining and latencies 
were recorded. Only data from the last six trials were analysed stat- 
istically. The type of triangle was ordered semi-randomly over the 12 
test trials and each attribute order occurred three times in each 
block of six trials. Button orders, which were shown in Experiment I 
to produce significantly different latencies, depending on attribute 
order, were varied between groups in this condition. The order of 
assigning button order conditions to Ss was semi-random and was deter- 
mined as Ss reported to the laboratory. 

The on-durations for information events were 200-msec., as in 
Experiment I. The null event durations were 150- and 1000-msec. for 


the first and third (which followed the first and last information 
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Slides) and 50-msec. for the second (which occurred between information 
Slides). This latter interval was chosen following visual inspection 
of the attribute order by interval interaction in Experiment I on the 
presumption that it would avoid biasing the results in favor of 
preferred order. | 

In the single-attribute condition, button-to-figure correspondence 
was defined with size on the top row (large on the left; small on the 
right) and color on the bottom (red on the left and green on the right). 
Since both size and color were organized horizontally it was not con- 
sidered necessary to vary button order, presuming that the organizational 
variables, whatever they may be, would equally facilitate or impair 
responses to both dimensions. 

In this condition pretraining and test trials were run on the 
same tape, requiring only one instruction set to be given to Ss. The 
tape consisted of 72 six-event trials in which all events were nul] 
but the fifth. It contained information defining one value of one 
attribute. The task required Ss to identify the value of the attribute 
presented by pushing the appropriate button as quickly as possible. 
The first 60 trials were considered pretraining and differed only in 
that no latencies obtained from them were recorded. This resulted in 
a shorter intertrial interval than in the test trials where latencies 
were recorded. As in the bi-attribute condition, only the last six were 
analysed statistically. Size and color appeared equally often, though 
in semi-random order throughout the first 60 trials and within blocks 


of six in the last 12. The two different values of each dimension appeared 
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equally often within dimensions. 

The reason for using 72 trials in this condition was to equate the 
number of trials in each condition. 

The order in which the two conditions were presented was counter- 
balanced by assigning an equal number of S's to them randomly as the 
Ss reported to the experimental room. This assignment was independent 
of button order assignment since each task order occurred with equal 
frequency in both button order conditions. 

Subjects were 20 introductory psychology students who participated 
in the experiment to fulfill course requirements. Again, all Ss were 


native speakers of English. 
Results 


The data were obtained by computing the median RT for each S over 
the last three trials in each treatment condition. These scores were 
reciprocally transformed to correct for possible heterogeneity of 
variance. Data from the bi-attribute condition were subjected to a 
split-plot analysis of variance (SP 2.2; Kirk, 1968) to assess the 
effects of the button order variable, varied between groups. No 
significant main effect was obtained from button order or its interaction 
with attribute order, so it was decided to pool the data with the 
single attribute condition. The summary table for the split-plot analysis 
appears in Appendix C. 

Before transforming the data in the pooled analysis, mean RT's 


representing the main effects and the interaction were obtained. These 
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are displayed in Table 2. The reciprocally transformed data were 
analysed in a randomized block factorial analysis of variance (RBF 22; 
Kirk, 1968) which appears in summary form in the appendix. As expected, 
Ss' RT's were significantly different across conditions (F(19,57) = 
3.70, p<.01). Bi-attribute RT's were significantly longer than single- 
attribute RT's (F(1,57) = 37.14, p<.01), adding credence to the 
hypothesis that something besides the last attribute was being processed 
in the nonredundant condition of Experiment I. No significant differ- 
ences were found between size and color processing times, averaged 
across attribute conditions (F(1,57) = 3.87, NS) and the interaction 
between dimensions and number of attributes was also insignificant 
(F(1,57) = 1.51, NS). However, comparisons of all means by Duncan's 

new multiple range statistic (Kirk, 1968) revealed significantly 

shorter RT's to size than to color in the single attribute condition 
(p<.05) although no significant differences were obtained between size and 
color in the bi-attribute condition. The results of this analysis also 
appear in the appendix. This result is a direct contradiction of 
Martin's (1969a) finding for attribute identification with unrestricted 
exposure time. 

The differential processing times for attributes observed in this 
experiment could be used to predict the order differences obtained with 
nonredundant series in Experiment I - RT's to nonpreferred order in 
which size was presented last were shorter than RT's to preferred order 
in which color was presented last. However, these RT's were among the 


largest in the experiment and so could not have depended on the processing 
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TABLE 2 
MEAN RT'S IN EXPERIMENT II (IN MSEC.) 


LAST ATTRIBUTE PRESENTED 
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time of the single attribute alone. This could also be concluded from 
the present experiment in which bi-attribute RT's were considerably longer 


than single attribute RT's. 


Experiment III 
Method 


It was possible that Ss in a redundant condition would attend only 
to the last slide in the series since it contained all the information 
necessary for responding correctly so the third experiment was designed 
to compare figure identification latencies in a redundant series with 
latencies to single slides containing both size and color information. 
Any differences could be interpreted as the effect of the first inform- 
ation slide in the redundant series. Nonredundant series were also 
included so that Ss would find it necessary to process slides other 
than the last in at least some of the trials. Had they not been 
included, Ss could have responded on the basis of the last slide on 
each trial, thus weakening the effect of the first information slide. 
Again, button order was varied between groups. 

Pretraining and pretraining instructions were the same as in 
Experiment I. Since Ss in Experiment I appeared to be confused by the 
different types of trials, four examples each of nonredundant, redundant 
and single slide trials were given to Ss prior to the test trials. For 
the test trials, Ss were instructed that the three kinds of trials would 


be given to them in "random" order and that they were to identify the 
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triangles referred to in each trial by pushing the appropriate button 
as quickly as possible. 

The test trials were programmed on a six event tape with 200-msec. 

on durations for information slides and 150-, 50- and 1000-msec. 
durations for the first, second and third null events, respectively. 
The 50-msec. duration was chosen for the second null event on the basis 
of preliminary analysis of Experiment I data which indicated that this 
interval would not be likely to bias the results in favor of preferred 
order. 

Redundant and nonredundant series were as defined for Experiment I. 
In single slide trials the information slide occurred in the last inform- 
ation event, preceeded by two standard triangles which did not in any 
way define the trial's figure. Both preferred and nonpreferred orders 
were included in each redundancy condition so that the experiment 
would be a partial replication of the order and redundancy effects in 
Experiment I. Thus there were five treatment conditions: redundant 
preferred order; redundant nonpreferred order; nonredundant preferred 
order; nonredundant nonpreferred order, and the single slide condition. 
An equal number of observations were made under each treatment condition. 

The five treatment conditions corresponded to trial types and each 
occurred three times in a block of 15 trials. Including two blocks of 
15 trials produced 30 test trials. Button order was again assigned 
semi-randomly with equal frequency to Ss as they reported for the 
experiment. 


Subjects were 20 introductory psychology students who participated 
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in the experiment to fulfill course requirements. All Ss were native 


Speakers of English. 
~ Results 


The medians of the three RT's to each trial type in the last block 
were computed for each S. The mean RT's across Ss in each treatment 
condition are presented in Table 3. These represent the cells of the 
split plot analysis of variance (SP 2.5; Kirk, 1968) which was performed 
on the reciprocal transformation of ie data. The transformation was 
employed to correct any heterogeneity of variance. The summary of 
this analysis appears in Appendix D. As in Experiment II, button 
orders were not significantly different (F(1,18) = 0.10, NS) nor were 
their interaction with trial types (F(4,72) = 1.68, NS). RT's to | 
trial types were significantly different (F(4,72) = 8.78, p<.01) so 
planned orthogonal comparisons were carried out to see if the differences 
predicted in this experiment and those predicted on the basis of Experi- 
ment I were obtained. Single trial RT's were not different from 
redundant series RT's, averaged over attribute order (t(38) = 0.06, 

NS). RT's to preferred and nonpreferred orders were not significantly 
different in both redundant and nonredundant series (t(38) = 0.14, 

NS and t(38) = 0.05, NS, respectively). Thus the significant F-ratio 
found in the analysis of variance can be interpreted as indicating 
only that nonredundant series required longer RT's than redundant 
series. 


This experiment offered no support for the contention that the first 
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TABLE 3 


MEAN RT'S IN EXPERIMENT III (IN MSEC.) 


Single Slide 

Redundant Preferred Order 

TRIAL Redundant Nonpreferred Order 
Rides Nonredundant Preferred Order 


Nonredundant Nonpreferred Order 


1022 
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1308 
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information slide is important in figure identification in redundant 
series. As a replication of Experiment I, only the redundancy main 
effect was successful. The interaction which was crucial to the 
experimental hypotheses was not replicated. However, these results are 
better understood in the context of data from other experiments and 


will be interpreted in the general discussion which follows immediately. 
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Discussion 


The results of the three experiments may be summarized as follows: 

(1) Redundant series were significantly easier to process than 
nonredundant series in both Experiments I and III. The 
redundancy effect was shown to occur only when the information 
was presented in preferred order in Experiment I but this 
effect was not replicated in Experiment III where redundant 
series were easier, independent of attribute order. 

(2) Interstimulus interval and attribute order produced no 
significant effects independently but interacted signif - 
icantly such that interval effects occurred within preferred 
order but not within nonpreferred order. 

(3) Button order produced no significant differences in any 
experiment but interacted significantly with attribute order 
in Experiment I. This interaction was not replicated in 
Experiments II and III. 

(4) Size attributes were decoded significantly faster than 
color attributes. This is a direct contradiction of 
Martin's (1969a) results. 

(5) Redundant series RT's were not significantly different 


from RT's to single presentations of bi-attribute information. 


The primary result to be explained is the interaction of redundancy 
with attribute order in Experiment I since it has the most relevance to 


the hypotheses of this thesis. The failure to replicate this interaction 


7 "yy ™? = 7 
y A182, 7 L 
. f mh 
alTar ras >t ere ct me. asty ao: 3 
id) 2583010 BE Noi ase “lIcsottingte ahi vie sani { 
; : i ae 
ait IPD ane I ernontesa (fn ned “a a 7 | coat ve) cm 
A Hs ~ of 
% - iy ras _ 
reeniotnt 32. dadW wine suse ot wile angry yonkin ve “ 
| | ‘ fri pagina : ae be 
are i } 45 he + - er ahd ba’ ont ats 1 i” ci Ne i dow 
iy = a. Dy 
ath | % AN i] | nt es 10 5 f t ba3 63F ree Yi pew t99 72, ¥ i" ; 
; } | | en MP! oi a bane 
Wiorajedmisaa tr 2608 s49 voi Oh swear yse 
: wi + . 7 
ie } ory I we 1% 7 ; 
tHipye botosved ni tua vl stasbreqshnr eeaaie Dneareinke |) 
~~ ie Saat Th v " " At ,) P 
baVvistetag widsdiw bavwaiu zros?ts sx anals Age ahi AGoT. i - 
‘ed een ia cee ie 
| tao Con a RR aR | 
f 25nS t= 7% ‘ ‘ FG 7 | "2 to slr bs 4 nitit oq sabWo no ae) va (€) 
~« : ow 
os otiw vi arg yf r ' t F156 "G.I if sg Saar ‘ if Pei 
| My: : 4 “a fag 
nti S57F Gey Jon. 26W Hortoeiesn? erat «4 (isnt x fs 
| | | ie vee 
[ EN hae We oe agit 
_ . ae re Aid re i 
‘ ; * MAI MWeST VISARSITT NPFS es ee a aw enn ere 0, , 
| to AOTSOTbeIINGS Sdeurb a 2h ati 7 wana S Fotos. 
e Ae iota 
, 


ae 
on le : BY ill » 


ao pa ies 


is 3 NeNSTIIS vldnnatiinot2a gen ee 
f va4 : T - & 
7 } ] + ’ 


a faq ted ott at si 


ot a ys age: stiqey re “owihit wy oz! use ct i astarive 
a 1 a) i eh a 
hig? Rah: Ths ae a | 

ane i . 7] . i re? 

cay 4 ' | my ay i ’ Ms 
7 en a 7 : . 


al 


44, 
in Experiments II and III may be understood if it is remembered that a 
50-msec. ISI was used in those experiments. Analysis of the attribute 
order by interval interaction in Experiment I showed that the 50-msec. 
ISI produced no significant differences in order, hence it is not 
Surprising to find no order differences in Experiments II and III. 

Thus selecting this ISI, having concluded that it would be unlikely to 
bias the results in favor of preferred order on the basis of visual 
inspection of the order by interval interaction, was unfortunate since 
it biased order effects towards nonsignificance. 

To understand the order by redundancy interaction it is necessary 
to interpret the finding in Experiment III that single bi-attribute 
Slides and redundant series were equally difficult to recognize. A 
possible interpretation is that only the last slide in redundant series 
was processed, but this is unlikely since redundant series were 
responded to very differently depending on the order in which the 
information was presented in Experiment I. This latter result would 
indicate that processing of the first information slide occurred since 
the series differed only on their first slides. Finding that single 
bi-attribute slides required the same amount of processing time as 
redundant series may be taken to indicate that both attributes of the 
last slide must be processed. This would explain the increased 
difficulty found in dealing with nonredundant series in Experiment III. 
The neutral value of the last slide may have been confused with the 
non-neutral value defined in the first slide and resolving the confusion 


may have required more processing time. 
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If it is concluded that the single attribute in the first inform- 
ation slide and both attributes in the second information slide were 
processed, it is appropriate to ask what effect the processing of the 
first slide had on the processing of the second. Analysis of the order 
by redundancy interaction indicated that this depended strongly on which 
attribute was represented in the first slide. If the first slide was 
size, a redundant series facilitated performance while a nonredundant 
series impaired performance. However, if the first slide was color, 
redundancy in the second slide had no effect. This may be understood 
in terms of the analysis by synthesis model which suggested that the 
function of adjectives preferred farthest from the noun was to generate 
a context which would facilitate subsequent processing. Thus when size 
came first in a series, as it does in a noun phrase, its decoding 
would generate a context in which the second slide would be decoded. 
The context would consist of a representation of the size value of the 
second slide, possibly deciding the priority of semantic tests to 
be employed on the input such that the size value in the first slide 
would be the first size tested in the second slide. If the series was 
nonredundant, the first test would produce negative results and other 
tests would have to be carried out to determine the size of the second 
slide. Once it had been determined, it would be necessary to decide 
which size value was appropriate to the series so that the correct 
response would be made, and this would require additional processing 
time. 


Since the analysis by synthesis model suggested that color adjectives 


a asa , Vane cel 
wien ; aan) b ane nae 


atl Fo gobi: Sepa i - Midecoteialen: 


Toby0. at tO Sranheat _linod92 sitd Y 8 
4, pri saree 
fate he qin Sebnaqeb ein vant wii 
2bw Sbrte sent gH? iW: apERS pie 4 
Jasbobsiion 6 ST filW. donekro tag anevites me 
aldo Saw abt fent? aay TH reveal 
boot2"sbau $a Yom ohaT . Syyatty dy Bart” pees nt lle 


arth, Sant beat al ABirw Tali at andi ze 


pin 33 


at eewap ad) daw Audd ais thon estore? Poaa ee 1S oH 
Beene focw Rati sxsames's | 
entbubeh 28% ,sesia.nugn 5 97 oth a 2 earse Sut 12907 gma 
banaed sd BTeaW shi fe pnood2 ‘os roti Hi sxelinba!s iefeaonselbEaean 
oft Fo shigh gfe one te notteinscaiqey a4 5) yaaa ae aieed tx5in02 SAT 
0) Bless Jtinande te viraoing SH) patbtoeh gidteene vebi ta brogse 
while 26549 afd nb ley Sate! sate. send rigue Seqwhvarte m0 béyo [quasd 
ew 2ai wae atg 1 ohh fe bossa att at badind ont PVF? oft ad- bf uow 
vetito brs! 2ttiiees svkeben aauborg view near eRky ont _Snebeubervion 
 hrgose 502 FO sit2 ait soteeeb of Jon bataniy ow svat binow reat 
| ahi oad OF Wingtezst sd Biyow Tt bentaryiatadl ill pan it sand" . 
om ‘$5810 oa jullt oz apiee SHt by BisioNge. dw outny 98 
a | medion Fehors yobs a tt OM 


atje Natw aT =. entezsooyd tenga edie 


46. 


would not generate a context no differences would be expected between 
redundant and nonredundant series with nonpreferred order, and this was 
the result obtained in Experiment I. This would be possible if the color 
tests were independent. 

The facilitative effect of redundant series on preferred order was 
indicated by significantly shorter RT's to preferred order than to non- 
preferred order in redundant series while the impairing effect of non- 
redundancy on preferred order shown by the significantly longer RT's 
to preferred order in nonredundant series. 

The attribute order by interval interaction is also explainable by 
this interpretation. No interval differences were obtained in the non- 
preferred order condition while significant differences to intervals 
were obtained with preferred order. Inspection of Figure 3 showed that 
increasing the ISI from 100- to 200-msec. resulted in a large drop in 
RT to preferred order and this drop continued, though only slightly, 
as the ISI increased from 200- to 300-msec. Order differences at 
these intervals were significant though the difference at the latter 
interval was only slightly significant (F(1,54) = 3.67, p<.10). If 
the strategy advantage of preferred order was effective only after size 
had been decided, it is possible to infer that size judgements were 
completed between 100- and 200-msec. after the offset of the first 
slide. Hence size judgements must have taken approximately 300- to 
400-msec. (exposure duration + interstimulus interval) and color 
judgements took between 400- and 500-msec. since Experiment II showed 


that color judgements took 100-msec. longer than size judgements. The 
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drop in RT's to nonpreferred order at the 300-msec. ISI was only 
slight since color had no contextual advantage in decoding. 

These decoding times for size and color contradicted Martin's 
(1969a) results. If Experiment II can be taken to be a relatively pure 
measure of decoding time, it is possible that Martin's results truly 
indicated differences in adjective accessibility. However, decoding in 
Experiment II was carried out under conditions different from Martin's 
experiment and these differences themselves may have produced the dis- 
crepancy between the results of the two experiments. Martin's experiment 
involved continuous presentation of attribute information while 
Experiment II used brief discrete information events. Martin's experi- 
ment measured latencies to a verbal response while Experiment II 
measured manual response latencies. Martin's experiment found the same 
relation between ordinal position and processing time with many 
attribute pairs while Experiment II used only size and color. Without 
further experimentation, the reasons for the discrepancy are unclear. 

One further result must be explained, and that is the button order 
by attribute order interaction. It was found that preferred order was 
responded to faster if the rows corresponded to sizes than to colors but 
that nonpreferred order was easier to process when the rows corresponded 
to colors. This can be accounted for in terms of response organization: 
the first attribute in each series was used to decide between rows of 
the button array so that button choice after the second slide had been 
decoded could be restricted to two possible buttons. If the button 


array was organized by rows rather than by columns, the results become 


; A Basi Vy ens bay a 4 g 
2 viii gery Hofle ‘oie 98 east on be A yooe Fes 
“i “avi tein, A od oo nen ad. 69 it | % sf eat" (Gem a 
sh tae stove ‘Gene cf a ave ) hy ot 
ved ) eu) oeb To sTenem 
‘ “ns ee oh ae 
i awtboagh: _veyaral “MITT Tat epsooe @ b ae arte. 7) bed a vr 
— oy ¥" : 

2 nigist mont tna 2trars rbhad veto ee 
-2fb fa psaubavt aver AI cov tant hols 


~haqxe (lea lafwave NOT SANE - eyygizt toh hoe ti ine ons 
ii snamt teas aT rte asoges" ‘thay 6 ae ‘dethaenictorcasen ‘ram 
grae ent brunt faaini rayne 2 NTH nett sano Fouram bowwenee 
cir AG Te it’ pnitaéaacyy tne od repg HAN, rosa nota stay 
Su iW TOS, Be sate ¥ine Dee if trong ot ite eying sjudrite 
POSTON ge wonaqaraerh sty 487 angegat wats nb hapnonysqxs vant 
vebte notiud sit et Jedd bie . honest due sit 25m Huser ‘aatrt ant ~ 
gi Yabia baited rer bina? eaw t1 Lio eiomlant yabit0 asudtnt 
tod ovotoa of nad ann 12! os babraqeertoy, aaa oft iat eet a 5 
babnbaes7 09 207 Ad visa anon ou feats a tak bewhininin Hh 
> SAF: Fas hveRt9 siete 0). 2uret Mm woh i lan ate ceig 
Yo: Bho" asensad abi 2eb ot baa 4 . 


mag ba a: oti 


oe BA J 
: py 7 by 
Keer se a : Tae ey i ih 
| ree j eta ie 


48, 
understandable. This organization was likely since Ss were told button- 
to-figure correspondence by rows and all Ss were native speakers (and 
writers) of English and habitually processed written language in rows 
rather than columns. The result was not surprising in view of the 
effects of response organization on adjective order found by Danks 
(1971) and Danks and Schwenk (1972). The Danks and Schwenk (1972) study 
demonstrated that inverted adjective order was preferred more frequently 
when the attribute denoted by the adjective usually appearing closest 
to the noun (but appearing first in the noun phrase with inverted 
order) allowed discrimination between possible target objects. Danks 
(1971) reported reaction time data showing that this preference repres- 
ented ease of processing: RTI's to selecting a target object from a 
four-object array were shorter to a noun phrase cue with inverted 
adjective order when the property which allowed discrimination between 
target objects was ordinarily preferred closest to the noun. 

These response organization findings are also consistent with the 
analysis by synthesis model which suggested that information obtained 
from early decisions is used to reduce the complexity involved in later 
decisions. 

The results of the experiments, as interpreted above, confirm 
several hypotheses of the analysis by synthesis model. As predicted, 
Ss' performance was facilitated when early information was consistent with 
later information. The facilitative effect of consistency was shown to 
occur only with the size attribute. No facilitation was found with 


color, supporting the hypothesis that adjectives preferred farthest from 
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the noun generate nonterminal decisions referring to the phrase's 
meaning while adjectives preferred closest to the noun do not. Finding 
that the interval between early and late information must exceed a 
100-msec. minimum for facilitation to occur supported the contention that 
preferred order minimizes interference by increasing the interval between 
the noun and difficult-to-process adjectives by interpolating adjectives 
which do not require as complex processing. Also, finding interval 
effects contingent on semantic variables (attribute order) suggested 
the unlikelihood of the simple interval hypothesis proposed earlier 
and can be taken as evidence for a more complex system. 

The application of these results to explain the adjective order 
phenomenon requires several assumptions. The foremost is that decoding 
a noun phrase involves a series of decisions about the input which are 
made as each component of the phrase is input and that the effect of 
these decisions is to produce some representation of the semantic content 
of the phrase. Equally important is the assumption that decoding a 
sequence of visual stimuli involves essentailly the same decision- 
making and construction processes. Direct application of these results 
to adjective order requires not only the assumption of similarity in 
the sequence of decisions and in the resultant product but the further 
assumption that the same mechanism processes both types of information, 
independent of the input modality. The similarity of the present results 
to those of Danks et. al. and Stolz suggests that the processes involved 
in performing the present experimental task are at least similar to those 


involved in decoding language. Further applicability depends on the 
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50. 
intuitions of the reader and the amount of faith he is willing to invest 
in them. 

The present explanation of the adjective order phenomenon emphasizes 
the decoding process as the cognitive determinant of the phenomenon and 
so, stands in opposition to Martin's (1969a, 1969b, 1970) encoding theory. 
Data from the present experiment and from Danks and his colleagues makes 
Martin's theory unlikely since they show that the order of adjectives 
output in encoding is not fixed as Martin's differential accessibility 
hypothesis would suggest, but depends on semantic considerations, and 
that adjective order has significant and consistent effects on decoding. 

The decoding explanation, including Danks' communication rule 
operating in conjunction with the analysis by synthesis model, has 
stronger empirical support than Martin's theory. The major hypothesis 
of his theory, the differential accessibility of ordinally different 
adjectives, rests on data from experiments criticized earlier as 
indicating the differential decoding times of attributes in the stimulus 
array rather than differential accessibility of adjective meanings. 
Further consideration shows that the task in those experiments did not, 
as they were intended, model the encoding task since adjectival meaning 
was obtained from a visual array rather than from memory as the encoding 
task would require. Requiring the verbal label of the cued attribute's 
value as a response was irrelevant since the appropriate words must 
have been selected only after the appropriate meaning had been obtained 
and obtaining the appropriate meaning was to have produced the 


differences. Martin's hypothesis could be more accurately tested in 
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of 
an experiment measuring latencies to encode ordinally different 
adjectives from memory. This could be done by requiring subjects to 
remember arrays of four figures varying in size and color and to 
recall the position in an array of the figure different from the 
rest when cued with the array. If the arrays were constructed so that 
size allowed discrimination of the odd figure in some arrays and color 
allowed discrimination in others, depth of embeddedness, which was to 
have determined differential accessibility in Martin's theory, could be 
assessed by comparing reaction times to recall odd figures with size 
and color as discriminative attributes. For the subjects to respond 
correctly, they would have to determine the value of the discriminative 
attribute of the appropriate figure, so their reaction times would 
represent the accessibility of that attribute's information from 
memory . 

In any event, Martin's theory of adjective order is not well 
supported empirically in comparison with the decoding theory. Nor is 
ijt as general. The decoding theory can potentially explain several 
language habits not directly reducable to grammar and would suggest 
the decoding process as an important focus of research for those 
interested in determining the psychological processes underlying language. 
It is possible that a good many of the reasons for the structure of 
language may lie in the ease with which certain types of structures are 


inherently processed in the brain. 
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54. 
FOOTNOTE 


! In this thesis, encoding will refer to all the processes involved 


in transforming information in the semantic code to a transmission code. 
Thus a person uttering a sentence is encoding information. Thus Martin's 
theory of noun phrase generation is an encoding theory. Decoding will 
refer to all the processes involved in transforming input information to 
the semantic code. Thus a person listening to (or reading) and under- 
standing a sentence is decoding information. Thus Danks' theory is a 
decoding theory. This distinction is admittedly simplistic since simply 
processing input involves both determining what information is contained 
in the input code and coding it at a level of organization different 
from the input. However, such fine distinctions are not necessary to 

the theories presented here and it is hoped that the heuristic value of 
consistently using the terms as they are defined here throughout the thesis 
outweighs whatever detrimental effects this imprecision in terminology 


may have. 


é All orders used in all experiments were generated from an APL 


function obtained from Dr. S. J. Rule, Department of Psychology, 
University of Alberta. The function is entitled "ORDERSOF" and samples 
randomly without replacement from an input table defined by the user. 

By appropriately defining the input table, the user can control the 
relative frequency of events in the output sequence. Prior to implement- 
ation in the experiments, output sequences were altered to eliminate all 


runs of more than two successive identical events. 
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APPENDIX A 


SUMMARY OF PILOT RESEARCH 


Three formal studies were conducted prior to Experiment I, establish- 
ing the exposure durations for information and null events and button-to- 
figure correspondence. The experiments were identical to Experiment I 


except in these parameters. 


Pilot Experiment A 


This experiment used a linear button array and did not vary button 
order. The button-to-figure correspondence used was, from left to right: 
large red (LR), small red (SR), large green (LG) and small green (SG). 
Information events were exposed for 1000-msec. and the variable null event 
took the following values: 100-, 200-, 300- and 400-msec. Eight native 
English speaking Ss from an introductory psychology course participated 
for course credit. The summary of the analysis of variance appears in 
Table 4-A. On the basis of these results, it was decided to decrease 


the exposure durations of information events. 


Pilot Experiment B 


This experiment was identical to Pilot Experiment A except that 
information event exposure durations were decreased to 500-msec. and 
20 Ss from the same subject pool were used. The summary of the analysis 
of variance appears in Table 4-B. On the basis of these results it was 


decided to again decrease information event exposure durations. 
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Pilot Experiment C 


This experiment also used a linear button array but varied button- 
to-figure correspondence as follows: LR, SR, LG, SG and LR, LG, SR, SG. 
Information events were shortened to 200-msec. and the variable null event 
took the values used in Experiment I (i.e. 50-, 100-, 200- and 300-msec.). 
This experiment used 18 Ss from the same subject pool. The summary of the 
analysis of variance appears in Table 4-C. Since button order interacted 
Significantly with attribute order, it was decided to employ a square 


button array and again vary button-to-figure correspondence in Experiment I. 
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TABLE 4-A 


SUMMARY OF ANALYSIS OF VARIANCE 
FROM PILOT EXPERIMENT A 


Source SSQ DF MSQ F 
Subjects 8.244 7 1.178 46 .362** 
Attribute Order (A) 0.026 1 0.026 1.070 
Redundancy (R) 0.279 1 0.279 10 .995** 
Interval (I) 0.030 3 0.010 
AxR 0.090 1 0.090 3.565 
Aber 0.050 5 0.017 
Rx I 0.027 3 0.009 
AIR x1 0.100 3 0.033 Tai, 
Residual 2.667 105 0.025 
Total 11.516 127 
** Significant at the .01 level of probability. 

TABLE 4-B 
SUMMARY OF ANALYSIS OF VARIANCE 
FROM PILOT EXPERIMENT B 

Source SSQ DF MSQ F 
Subjects 19.163 19 1.008 103 .139** 
Attribute Order (A) 0.001 1 0.001 
Redundancy (R) 0.292 1 0.292 29 .850** 
Interval (1) 0.027 3 0.009 
AxR 0.004 1 0.004 
Aa 0.014 3 0.008 
Rx I 0.025 3 0.004 
A SCR 0.000 3) 0.000 
Residual 2.817 288 0.009 
Total 22.346 319 


** Significant at the .01 level of probability. 
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TABLE 4-C 


SUMMARY OF ANALYSIS OF VARIANCE 
FROM PILOT EXPERIMENT C 


————— ee eee 


Source SSQ DF MSQ Ei 
Button Order (B) 0.148 1 0.148 
Error 5.457 16 0.341 
Attribute Order (A) 0.001 1 0.001 
AxB 0.059 1 0.059 3.575 
Error 0.266 16 0.017 
Redundancy (R) 0.318 1 0.318 11.450** 
R xB 0.022 i 0.022 
Error 0.444 16 0.028 
AxR 0.088 1 0.088 8 .533** 
Acxe Rex iB 0.003 1 0.003 
Error 02165 16 0.010 
Interval (I) 0.161 3 0.054 4.109* 
1B ONZ32 S 0.007 
Error 0.625 48 On013 
eee! 0.024 3 0.007 
Aux hx. U2132 3) 0.044 5.147% 
Error 0.410 48 0.008 
Rex, | 0.170 3 0.056 4.105* 
REx Lex B 0.015 3 0.005 
Error 0.663 48 0.013 
Pie Rx I 0.124 3 0.041 2.647 
Roe Rex FT xeB 0.012 3 0.003 
Error 0.748 48 0.015 
Total 10.084 287 


* Significant at the .05 level of probability. 


** Significant at the .01 level of probability. 
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APPENDIX B 


DATA ANALYSIS FROM EXPERIMENT I 


The mean RT's across Ss for all insignificant interactions appear 
in Table 5-A. The summary of the main analysis of variance appears in 
Table 5-B and the analysis of simple main effects is displayed in 


Table 5-C. 
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TABLE 5-B 


SUMMARY OF ANALYSIS OF VARIANCE OF RECIPROCAL 
RT'S IN EXPERIMENT I 


Source SSQ DF MSQ F 
Button Order (B) 3.305 1 3.305 S375 
Error 16.021 18 0.890 
Attribute Order (A) 0.008 | 0.008 
AxB 0.446 1 0.446 4 .535* 
Error L771 18 0.098 
Redundancy (R) 0.417 1 0.417 9.050** 
RxB 0.005 1 0.005 
Error 0.830 18 0.046 
AxR 0.354 1 0.354 8 .615** 
AxRxB 0.011 1 0.011 
Error 0.739 18 0.041 
Interval (I) 0.194 3 0.065 2.382 
Lie B 0.086 3 0.029 1.056 
Error 1.466 54 0.027 
Ax I 0.251 3 0.084 5 .404** 
Ag Tex B 0.019 3 0.006 
Error 0.834 54 0.015 
Rexel 0.044 3 0.015 
Raxal xB 0.065 3 0.022 1.093 
Error 12072 54 0.020 
ReKeRier | 0.075 3 0.025 
AX eR exo bexuB 0.035 3 GEO 12 
Error 1.466 54 0.027 
Total 29.516 319 


* Significant at the .05 level of probability. 
** Significant at the .01 level of probability. 
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TABLE 5-C 


SUMMARY OF SIMPLE MAIN EFFECT ANALYSIS OF 


A x R AND A x I INTERACTIONS 


Source $SQ DF 

A 0.008 1 
Error Tal 18 

A at Ry 0.508 1 
A atR 0.991 1 
Errof 18 

R at Ay 3.090 1 
RatA 0.008 i} 
Errof 18 
AXxR 0.354 1 
Error 0.739 18 

A at I, 0.003 1 
A at I, 0.130 1 
A at I, 0.161 1 
A at I OsbsZ ik 
Error 54 

I at A, 0.735 3 
I at A 0.088 3 
Errof 54 
Axel 0.251 3 
Error 0.834 54 


* Significant at the .05 level of probability. 
** Significant at the .01 level of probability. 


A, - preferred order I, - 50-msec. 
A. - nonpreferred order I, -100-msec. 
Ry - nonredundant series I, -200-msec. 


Ro - redundant series I, -300-msec. 
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APPENDIX C 


DATA ANALYSIS FROM EXPERIMENT II 


The summary of the pre-test analysis of variance appears in Table 
6-A and the summary of the main analysis of variance appears in Table 
6-B. The summary of Duncan's new multiple range analysis of differences 
between cell means from the main analysis of variance is displayed in 


Table 6-C. 


TABLE 6-A 


SUURARY OF PRETEST ANALYSIS OF VARIANCE 


IN EXPERIMEN 


Source SSQ 
Button Order (B) 0.0009 
Error 1.928 
Dimensions - total figures (D) 0.009 
DxB 0.008 
Error 0.640 
Total 2.587 
TABLE 6-B 
SUMMARY OF ANALYSIS OF VARIANCE OF RECIPROCAL 
RT'S IN EXPERIMENT II 
Source $SQ 
Subjects 2.243 
Number of Attributes (N) 1.184 
Dimensions (D) 0.124 
D x N 0.048 
Error beols 
Total 5.415 


* Significant at the .05 level of probability. 


** Significant at the .01 level of probability. 
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TABLE 6-C 


SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE ANALYSIS OF DIFFERENCES 
BETWEEN MEAN RECIPROCAL RT'S IN EXPERIMENT II 


Condition: ND, ND, Nj, ND, 
Mean Reciprocal RT: .986 1.016 List 1.308 
Rank Order: 1 2 3 4 
1 .030 SU esata | MSY a aad 
2 SOO nc oe.* 
oF nape ST bg 


* Significant at the .05 level of probability. 
** Significant at the .01 level of probability. 


Values of q for df = 60 


Forip -<) 205 for p<. O01 
go = 113 qo = .150 
93 = e119 thy & 156 
G4 = 123 Qa = 161 

Ny - single attribute 

No - bi-attribute 

Ds - last attribute was size 
Dd. - last attribute was color 
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APPENDIX D 


DATA ANALYSIS FROM EXPERIMENT III 


The summary of the analysis of variance performed on reciprocal 


RT's is displayed in Table 7. 
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TABLE 7 


SUMMARY OF ANALYSIS OF VARIANCE OF RECIPROCAL 


RT'S IN EXPERIMENT III 


Source SSQ 

Button Order (B) 0.021 
Error 3.661 
Trial Types (T) 7 i) 
TxeB 0.136 
Error 1.459 
Total 5.988 


xk 


Significant at the .01 level of probability. 
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